ABSTRACT-Standards have been empirically developed to describe various morphological characters of eurypterids. The standards pertain to the following characters: 1) shape of the prosoma; 2) shape of the metastoma; 3) shape of the eyes; 4) position of the eyes; 5) types of prosomal appendages; 6) types of swimming leg paddles; 7) structure of the doublure; 8) differentiation of the opisthosoma; 9) structure of the genital appendages; 10) shape of the telson; and 11) types of ornamentation.
The proposed standards pertain to the following characters: 1) shape of the prosoma; 2) shape of the metastoma; 3) shape of the eyes; 4) position of the eyes; 5) types of prosomal appendages; 6) types of swimming leg paddles; 7) structure of the doublure; 8) differentiation of the opisthosoma; 9) structure of the genital appendages; 10) shape of the telson; and 11) types of ornamentation. These particular characters have been chosen because they have been used by other authors to establish various taxonomic levels in classifications. Not all of the proposed standards are of significant or of equal taxonomic value.
A search for taxonomic principles for eurypterids was fruitless and led to the empirical development of a uniform taxonomy based on the observation that most arthropod higher taxonomic levels are dependent on knowledge of appendages (Manton, 1969 (Manton, , 1977 Hammen, 1977) . The taxonomy proposed here relies heavily on both the historical taxonomic concepts for euryp- The proposed standards pertain to the following characters: 1) shape of the prosoma; 2) shape of the metastoma; 3) shape of the eyes; 4) position of the eyes; 5) types of prosomal appendages; 6) types of swimming leg paddles; 7) structure of the doublure; 8) differentiation of the opisthosoma; 9) structure of the genital appendages; 10) shape of the telson; and 11) types of ornamentation. These particular characters have been chosen because they have been used by other authors to establish various taxonomic levels in classifications. Not all of the proposed standards are of significant or of equal taxonomic value.
A search for taxonomic principles for eurypterids was fruitless and led to the empirical development of a uniform taxonomy based on the observation that most arthropod higher taxonomic levels are dependent on knowledge of appendages (Manton, 1969 (Manton, , 1977 Hammen, 1977) . The taxonomy proposed here relies heavily on both the historical taxonomic concepts for eurypterids and on the morphological standards. The subsequent classification is modified from Stormer (1974) and Waterston (1979) .
MORPHOLOGICAL STANDARDS
Shape of the prosoma.--The term prosoma is preferable to the synonym cephalothorax (Stormer, 1955, p. 5, 7, 8; Table 1 ). The relationships between shapes are shown in Figure  3 . A partial revision of prosoma shape terms is given in Table 2 .
The shape of the prosoma is not easily determined by visual inspection because of the continuum of shapes (Figure 3) , and measurements must be made to determine the shape. It was noted that the shape of the prosoma changes during ontogeny (see also Andrews et al., 1974; Brower and Veinus, 1978) , for example, from subquadrate in juveniles to trapezoid in adults of Eurypterus remipes. Also, the shape of the prosoma is highly susceptible to postmortem alterations (compaction, desiccation, predation, and distortion). Failure to observe either the ontogenetic shape changes or the susceptibility to alterations has probably resulted in the establishment of too many genera and species (Tollerton, 1987b) .
Following the suggestions of Stormer (1974) and Waterston (1979) , the shape of the prosoma is considered to be of taxonomic importance only at the level of genus.
Shape of the metastoma. -The metastoma consists of a venterids and on the morphological standards. The subsequent classification is modified from Stormer (1974) and Waterston (1979) .
Shape of the prosoma.--The term prosoma is preferable to the synonym cephalothorax (Stormer, 1955, p. 5, 7, 8; , p. 5, fig. lc, d , p. 9) in that it is unambiguous in denoting the anteriormost tagma of the eurypterid organism.
The shape of the prosoma is characterized by two sets of measurements: 1) the length: width ratio, and 2) the lateral angle (Figure 1 ). Fourteen standard shapes are recognized (Figure 2 , Table 1 ). The relationships between shapes are shown in Figure  3 . A partial revision of prosoma shape terms is given in Table 2 .
The shape of the prosoma is not easily determined by visual inspection because of the continuum of shapes (Figure 3) , and measurements must be made to determine the shape. It was noted that the shape of the prosoma changes during ontogeny (see also Andrews et al., 1974; Brower and Veinus, 1978), for example, from subquadrate in juveniles to trapezoid in adults of Eurypterus remipes. Also, the shape of the prosoma is highly susceptible to postmortem alterations (compaction, desiccation, predation, and distortion). Failure to observe either the ontogenetic shape changes or the susceptibility to alterations has probably resulted in the establishment of too many genera and species (Tollerton, 1987b) .
Following the suggestions of Stormer (1974) and Waterston (1979), the shape of the prosoma is considered to be of taxonomic importance only at the level of genus.
Shape A qualititative comparative morphological study on eurypterid metastomas (as characterized here) has revealed the following. First, the shape of the metastoma is relatively constant for any one genus. Second, the metastoma is less susceptible to postmortem alterations than the prosoma because nearly all metastomas examined do not shown signs of postmortem alterations (see Tollerton, 1987b). Third, there are no clear relations between the shape of the metastoma and 1) the shape of the prosoma, 2) the structure and arrangement of the prosomal appendages, and 3) either family or superfamily classifications. Based on these observations, and in light of the fact that the metastoma is known in only half of all eurypterid genera, the shape of the metastoma is here considered of greatest taxonomic value at the genus level. Shape of the eyes. -The term "eyes" is preferred to the terms Position of the eyes. -As described in the literature, this morphological character is even more inconsistently applied than either the shape of the prosoma or metastoma. This may be due in part to either a lack of an adequate system for denoting the position of the eyes or an apparent change in the position of the eyes during ontogeny.
Description of the position of the eyes is based on a designated quadrant system (Figure 7) . If the eyes are small enough or the prosoma large enough, the anterior or posterior position within a quadrant can also be noted.
This morphological character is of doubtful taxonomic utility above the genus level. The prime nontaxonomic importance of eye position is its potential to trace phylogenies (Kjellesvig- Prosomal appendages. -Two categories of prosomal appendages are recognized: 1) the first (I) prosomal appendage, or chelicera; and 2) the second through sixth (II-VI) prosomal appendages, or legs. Roman numerals are used as a shorthand notation for the position of the prosomal appendages. Systematic characterizations of eurypterid legs are by Stormer (1934a Stormer ( , 1944 Stormer ( , 1973 Stormer ( , 1974 . The standards proposed here are a modification of his work.
In establishing these standards, the prime consideration is morphology. The degree and direction of development of the legs are deemed to be of greater value in the study of the phylogeny and evolution ofeurypterids, and therefore have not been considered in establishing these standards. Furthermore, the taxonomic value of development of the legs is most important at the levels of superclass, class, and order, while anatomy is of greatest value at the levels of suborder, superfamily, and family (Manton, 1969 (Manton, , 1977 Hammen, 1977) .
Chelicera. -Two types of chelicera are recognized: 1) the eurypterid type, with relatively small, toothless rami; and 2) the pterygotid type, with large rami with teeth. The chelicera are the only morphological character used to define suborders of the Eurypterida (Caster and Kjellesvig (Table 4 ). The opisthosoma of individual specimens may be difficult to differentiate due to postmortem alterations. Differentiation of the opisthosoma is here regarded as a major secondary morphological character of greatest utility at the family level; however, most eurypterids display more than one category of differentiation.
Genital appendages.-Two types of genital appendages are known (Figure 13 ), referred to as type A and type B, the differences being attributed to sexual dimorphism (see Stormer and Kjellesvig-Waering, 1969, for a review). The question of which structural type represents which sex has yet to be resolved.
The terminology illustrated in Figure 14 is proposed as standards for the uniform description of genital appendages of eurypterids.
Although presumably of importance in eurypterid taxonomy (Waterston, 1964, 1979; Stormer, 1973, 1974) , the genital ap- In general, the overall structure of both types of genital appendages displays marked degrees of variation, in part due to ontogeny (Holm, 1898; Waterston, 1960; Wills, 1964) . Additional factors that also appear to affect the degree of variation are molting, postmortem alterations, and state of preservation.
Telsons. -The shape of the telson is easily determined by visual inspection. The 14 standard shapes are illustrated in Figure 15 . Although the shape of the telson remains relatively constant for any particular genus, the major differences in telsons are in the marginal ornamentation. For this reason, it seems best to restrict the taxonomic use oftelsons to the levels of genus and species.
Ornamentation.--Ornamentation currently constitutes several different types of markings, among which are: 1) the "skin" markings such as scales, mucrones, pustules, and other surface sculpture; 2) marginal features, including serrations, spines, epimera, and lobes; and 3) trilobation.
Surface markings and/or sculpture are generally of no taxonomic value at any level, as one species usually will display two or more types of sculpture on any one morphological character, generally grading from one type to another (Seldon, 1981, p.  11, fig. 1 ). Exceptions are known, however, whereby a particular genus is identifiable simply by the surface ornamentation (e.g., Mycterops). Marginal features (Figure 16 ) are of use in the identification of species and genera, especially when a particular morphological character is very common (e.g., styliform telsons). Trilobation is useful in the determination of the differentiation of the opisthosoma. A more rigorous numerical analysis of this taxonomy, to include eurypterid phylogeny, is in progress and will be presented when completed. Currently, the results are inconclusive as to the primitive or derived nature of eurypterid morphological characters and any judgements here would be premature.
Order. -The order Eurypterida Burmeister, 1843, is here defined by the presence of only six pairs of prosomal appendages, the first pair being the chelicera, the next five pairs being the gnathobisic, uniramus legs.
Suborders. -Historically, suborders are defined on the basis of the structure of the first pair of prosomal appendages (chelicera) (Caster and Kjellesvig-Waering, 1964). Suborders are here defined on this basis.
Superfamilies. -All currently accepted superfamilies were originally defined as families, using different morphological characters. Superfamilies are here defined on the basis of a generalized scheme of the morphology and arrangement of the II-VI prosomal appendages (Table 7) .
Families. -Families have been defined on differences of many Table 5 ). They are here defined on the basis of an expanded scheme of the morphology and arrangement of the II-VI prosomal appendages, in which the individual types of legs are placed in the generalized scheme (Table 7) . Important secondary characters are: 1) differentiation of the opisthosoma; 2) structure of the doublure; and 3) structure of the genital appendages. Genera. -These have been defined on any extreme difference or variation from previously defined genera. Genera are here defined on the basis of the following: 1) shape of the prosoma; 2) shape of the metastoma; 3) structure of the paddle of the swimming leg (when present); 4) structure of the genital appendages; 5) shape of the telson; 6) position of the eyes; 7) ornamentation of the opisthosoma; 8) ornamentation of the prosoma; 9) tooth structure of the rami of the chelicera; and 10) morphology of the legs. No hierarchy is intended or implied in the above list. Whenever known, the ventral anatomy is more diagnostic than the dorsal, especially in the differentiation of genera, but both are necessary.
Species. -Species are defined on the basis of differences within the range of variation of any morphological character for the genus.
SYSTEMATIC PALEONTOLOGY
In the following classification, the diagnoses of the suborders, superfamilies, and families have been restricted to the prosomal appendages, and any exceptions are noted. Secondary characters are noted, and additional characters or comments that may aid in clarification of a particular taxa are included as "remarks." Stratigraphic ranges are given for the families. Remarks.-Doublures unknown. The differences in the morphology and arrangement of the spiniferous legs of this family, as well as the inferred relationship of these legs with the Hughmilleriidae (Stormer, 1974 A third column type is xenomorphic, in which the complete crinoid column is divisible into three distinct regions defined by columnals with different morphologies (Figure 1) . From the proximal to distal column these regions will be referred to as the proximal column, middle column, and distal column (see discussion by Philip, 1980). In flexible crinoids the proximal column is typically less than 2 cm in length and is composed of very thin columnals with approximately equal height that narrow in diameter distally. The most proximal columnal of the proximal column (the proximale, Bather, 1900) may be fused to the base of the calyx. Columnals of the middle column are higher. The columnals in the proximal part of this column segment commonly become progressively wider and higher for a short distance. In the distal column, columnals are modified, in part, for the holdfast. The traditional growth interpretation has typically been applied to the xenomorphic column, with the exception that new columnals are all added beneath the proximale if present (Wachsmuth and Springer, 1897, p. 39-40; nals are first secreted at some position distal to the aboral cup or if they were initially secreted in the same position as nodals but their further growth delayed.
A third column type is xenomorphic, in which the complete crinoid column is divisible into three distinct regions defined by columnals with different morphologies (Figure 1) . From the proximal to distal column these regions will be referred to as the proximal column, middle column, and distal column (see discussion by Philip, 1980). In flexible crinoids the proximal column is typically less than 2 cm in length and is composed of very thin columnals with approximately equal height that narrow in diameter distally. The most proximal columnal of the proximal column (the proximale, Bather, 1900) may be fused to the base of the calyx. Columnals of the middle column are higher. The columnals in the proximal part of this column segment commonly become progressively wider and higher for a short distance. In the distal column, columnals are modified, in part, for the holdfast. The traditional growth interpretation has typically been applied to the xenomorphic column, with the exception that new columnals are all added beneath the proximale if present (Wachsmuth and Springer, 1897, p. 39-40;
